The biochemistry of the protein amino acids is well known, but that of their naturally occurring homologues and analogues, though of considerable comparative interest, has received less attention.
This paper is concerned with the metabolism of the N'4-substituted asparagines, a group of asparagine analogues characteristic of the family Cucurbitaceae. The methyl, ethyl and hydroxyethyl derivatives are natural products, first isolated by Dunnill & Fowden (1965) , Gray & Fowden (1961) and Fowden (1961) respectively. These N'-alkyl-L-asparagines are pro-* Present address: Brewing and Fermenting Department, Allied Breweries (U.K.) Ltd., Burton-on-Trent DE13 OJF, Staffordshire, U.K. bably synthesized from asparagine by a transferase reaction involving the corresponding amine (Frisch et aL, 1967) , but nothing has been published about their breakdown. Here we describe the catabolism of the representative compound N4-ethyl-L-asparagine (N-ethyl-4-amido-L-aspartate, ,B-aspartoethylamide) in the bacterium Pseudomonas stutzeri, which can use it as sole carbon and nitrogen source.
Three pathways are possible (Scheme 1). The first route is analogous to the transamination of asparagine and the second to its hydrolysis by asparaginase (Lea & Fowden, 1975) . Reaction 3 is the reverse of one of those catalysed by the asparagine N4-alkylase (asparagine-alkylamine fl-transferase) of higher R-CH(NH2)-CO2H
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EtNH-CO-CH2-CO-CO2H HO2C-CH2-CO-CO2H N-Ethyl-a-oxosuccinamate Oxaloacetate (N-ethyl4-amido-2-oxosuccinate) (Frisch et al., 1967) . Thus in the present work we have used '4C-labelled substrates to decide whether the first metabolite of N4-ethylasparagine is N-ethyl-a-oxosuccinamate, aspartate or asparagine.
Experimental Chemicals N4-Ethyl-L-asparagine of 99 % purity was synthesized by the method of Dineen & Gray (1977) . Other chemicals were of commercial reagent grade unless otherwise specified.
Paper chromatography
Descending chromatography on Whatman 3 MM paper was used, the temperature range being 25 ± 5°C. The solvents were: A, phenol/water (3: 1, w/v); B, phenol/water (100:39, w/v); C, phenol/S0 % (v/v) formic acid/water (100:10:29, w/v/v); D, butan-1-ol/acetic acid/water (90:10:29, by vol.); E, butan-lol / propionic acid / water (92:47:61, by vol.); F, organic phase of 2-methylbutan-2-ol/90% (v/v) formic acid/water (8:1:4, by vol.); G, 2-methylpropan-2-ol/methanol/water (4: 5:1, by vol.).
Chromatograms were dried at 30°C for 2-5 h except those run in phenol-containing solvents, which were dried for 30h. Amino acids were located by dipping the papers through 0.2 % (w/v) ninhydrin (indanetrione hydrate) in ethanol, and heating at 60-100°C for 15min. Organic phosphates and acids were detected with 0.004M-FeCl3 in acetone followed by 0.33 M-ammonium thiocyanate in acetone (Firmin & Gray, 1974) . Sugars were revealed with an alkaline silver reagent (Trevelyan et al., 1950 Dineen & Gray (1975 Isolation andculture ofPs. stutzeri Unless otherwise specified, the medium used throughout was a modified minimal one (Cruickshank et al., 1965) containing 0.1 % (w/v) N4-ethyl-Lasparagine as sole carbon and nitrogen source, together with K2HPO4 (7g/l), KH2PO4 (3g/1), MgSO4,7H20 (l00mg/1), CaCl2 (lOmg/l), FeSO4,7H20 (2.5 mg/I), ZnSO4,7H20 (2.5 mg/l), MnSO4,3H20 (2.5 mg/l) and H2SO4 (0.25 mg/l).
The inorganic components were sterilized by autoclaving at 103 kPa (15 lb/in2) for 15min. However, N4-ethyl-L-asparagine partially decomposes under these conditions and was sterilized separately by passing it, in aqueous 1 % (w/v) solution, through a membranefilterwith0.451um pores.
The bacterium obtained by exposing this medium to laboratory air for 5min was purified and shown to be an axenic strain of Ps. stutzeri. It was maintained at 4°C, in the liquid medium specified, and was subcultured every 7 weeks. (1 5 lb/in2).
Whole cells: incubation with labelled substrates Typically the cells from l50ml of medium were recovered by centrifugation (25000g, 5min, 10°C) and resuspended in 45ml of minimal medium containing no N4-ethylasparagine. After exposing them to the relevant '4C-labelled substrate (5-12,uCi in 0.25-0.5 ml of water) for min at 20°C, they were centrifuged down as above and fixed with 50ml of 70% (v/v) ethanol. Further details are given in the Table legends. 1978
Experiments were replicated whether these involved whole cells or cell-free extracts.
Identification of labelled metabolites in bacterial extracts
The ethanolic cell extracts were initially fractionated by the scheme detailed by Firmin & Gray (1976) . In principle, the solutions were passed through two columns (10cm longxlcm diameter) in series. The first, containing Zeo-Karb (Zerolit) 225 (H+ form), bound the weakly basic organic cations, which were eluted with aq. NH3, whereas the second, containing Dowex 1 (X8; acetate form) (BDH Chemicals, Enfield, Middx., U.K.) captured the anions, which were later displaced with formic acid. Uncharged molecules passed through both columns.
Unless otherwise stated, uncharged compounds (sugars) were separated by two-dimensional paper chromatography in solvents B and E, the anions (organic acids) in solvents C and F and the cations (amino acids) in A and D. Radioactive compounds on chromatograms were located by radioautography by using X-ray film (Kodirex; Kodak, Hemel Hempstead, Herts., U.K.) exposed for 2-3 months. They were identified by comparison with internal standards detected as described under 'Paper chromatography'. Though 5-oxoproline (5-pyrrolidone-2-carboxylic acid) is a cation, it was revealed by the FeCl3/ammonium thiocyanate reagent.
MeasureMent of 14C
"4C was determined by liquid-scintillation spectrometry. Spots from paper chromatograms were normally cut out and immersed in 20ml of scintillation-grade toluene containing 0.5 % (w/v) 2,5-diphenyloxazole and 0.03 % (w/v) 1,4-bis-(5-phenyloxazol-2-yl)-benzene (Rogers et al., 1966) Fig. la) , which showed that aspartate was one of the earliest metabolites of N-ethylasparagine, suggested that "4C was entering the cycle via aspartate and oxaloacetate and leaving it through glutamine and 5-oxoproline. A longer-term kinetic experiment (Fig. lb) (Fig. 2) , strongly supporting the concept that aspartate was an early product of ethylasparagine breakdown. Aspartate was apparently metabolized five times as rapidly as N4-ethylasparagine, and this explained why so little labelled aspartate accumulated during the time-course experiments (Fig. la) . Asparagine was a very minor metabolite, accounting, as expected, for the same proportion (0.07%) of the total "4C recorded in both experiments. Here, the amino acid fraction was separated by double development in solvent D. Key: 0, asparagine; 0, aspartate; A, ethylasparagine. biochemical system (Table 1) . Unlabelled asparagine neither trapped 14C itself nor inhibited the transfer of 14C to aspartate (Table 1) . This competitor experiment confirmed that asparagine was not an intermediate in the breakdown of N4-ethylasparagine to aspartate.
Metabolites of N4-ethyl-L-asparagine
As expected, unlabelled 2-oxoglutarate increased the 14C found in intermediates of the tricarboxylic acid cycle and decreased that in glutamate. It also decreased the accumulation of [14C]aspartate, suggesting that aminotransferase reactions involving 2-oxoglutarate were responsible for the breakdown and not the production of this amino acid. Fig. 3 shows the relationship between pH and the rate of production of ['4C]aspartate in cell-free extracts. This is the simple relationship that would be expected if the ethylasparagine/aspartate reaction were catalysed by a single enzyme.
Discussion
These observations indicate that aspartate is an early metabolite of ethylasparagine and that asparagine is not. The only remaining doubt is whether aspartate is produced directly by the hydrolysis of the substituted amide or indirectly by a route involving two transaminations.
Transamination One sample of each cationic fraction was separated in solvents A and D and a duplicate in solvents G and D. The height of the line representing each compound is proportional to the logarithm of its 14C content, to allow extreme results to be shown on the same diagram. The specific radioactivity of aspartate and that of the aspartic residue of ethylasparagine were initially identical, but these substrates may have been differentially diluted by unlabelled material associated with the cells. Key :t?ilu, 5-oxoproline; cAn, cis-aconitate; Cit, citrate; iCit, isocitrate; Fum, fumarate; Lac, lactate; Mal, malate; OxAc, oxaloacetate; OxGlu, 2-oxoglutarate; Suc, succinate.
succinamate (Meister, 1953) The enzyme involved, which has a pH optimum of approx. 9.0 (Fig. 3) , is soluble: only 11±12% of the total activity, as measured by ['4C ]aspartate production at pH7.0, was present in the cell debris precipitated by centrifuging the crude homogenate at 35000g (5°C, 5min). Cell-free extracts, even at pH9.0, only metabolized ethylasparagine at 2% of the rate of equivalent whole-cell cultures. This discrepancy may be due to the presence of an inhibitor or the absence of an activator from the cellfree extract. Alternatively, the intact cells may concentrate the substrate, say 100-fold, at the enzymically active sites. The enzyme may be specific for N4-ethylasparagine, but is probably an asparaginase. Certainly, the asparaginase of Erwinia cartovora will hydrolyse N4-ethylasparagine at 0.4 % of the rate at which it attacks its normal substrate (Howard & Carpenter, 1972 (Ramadan et al., 1964; Wade et al., 1968; Wriston, 1971; Howard & Carpenter, 1972) , whereas those transaminating the amide occur mainly in higher plants and animals (Meister et al., 1952; Meister & Fraser, 1954; Guitton, 1963; Cincerova, 1969; Lea & Fowden, 1975 (Soda et al., 1965 (Soda et al., , 1966 . However, its immediate fate in higher plants is uncertain, though Kito et al. (1966 Kito et al. ( , 1968 have studied the breakdown of N5- ethyl-L-glutamine in Thea sinensis.
We have made no serious attempt to investigate the metabolism of ethylamine, the second product of ethylasparagine hydrolysis. However, Ps. stutzeri cells do not detectably incorporate 14C from externally supplied ethylamine into any of the cell fractions investigated. The free amine is presumably unable to pass through the cell membrane.
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